INTRODUCTION
Since the first observation of multiphoton dissociation (MPD) of polyatomic molecules in a strong IR laser field and demonstration of isotopic selectivity of MPD 2 the process of collisionless multiphoton excitation (MPE) of polyatomic molecules have been investigated in many laboratories (see reviews3-4) .
It was demonstrated that the main features of MPE are dominated by the complex structure of vibrational-rotational spectrum of polyatomic molecules. In particular, it was generally accepted to divide vibrational spectrum of polyatomic molecules into two qualitatively different regions:the region of low lying discrete levels (DL) and the region called quasicontinuum (QC) of vibrational states. Respectively MPE has qualitatively different features in these two regions. MPE in the DL region is the coherent excitation via one and multiphoton transitions. The efficiency of excitation in this region reveals the sharp resonance dependence on laser frequency that is determined by the spectral structure of rotation-vibration spectrum of DL. It is this stage of excitation that provides the isotopic selectivity of MPD. In contrast, the incoherent excitation in QC via ladder switching one photon transitions is the dominating process of MPE because the anharmonicity mode mixing leads to the high density of one photon dipole allowed transitions. The form factor of such one photon bands in QC is assumed to be a widely broadened. It explains the smooth dependence of the MPE efficiency in QC region on the excitation frequency. The ladder switching excitation in QC provides the high efficiency of MPD at moderate intensity of exciting radiation with fixed frequency. The qualitative difference of the excitation process in first and second stages makes it possible to search the optimal way of MPD by using of two or three laser frequency irradiation with each laser pulse frequency being optimal for an appropriate excitation stage. The multifrequency excitation of polyatomic molecules gives reach opportunities to conserve the sharp resonance structure and to dissociate a molecule with high efficiency simultaneously.
To realize these opportunities as the experimental investigation of spectral features of multifrequency excitation as soon as the theoretical analysis of excitation process based on the comprehensive set of molecular spectroscopic constants are necessary.
The subject of this work is the survey analysis of experimental data on MPE, MPD spectroscopy obtained in the last years in our group with the help of continuously tunable CO2 lasers and the developing of computer simulation of MPE process in a strong IR laser field. An adequate description of MPE process needs a detailed information about vibrational-rotational spectra of excited vibrational states of polyatomic molecules. The additional information which is necessary to distinguish between the contributions of different multiphoton transitions into MPE and MPD spectra can be obtained with the use of nonlinear spectroscopy techniques. That is why the results presented in this paper were obtained by four experimental techniques"
(1) spectral measurements of absorbed energy; (2) spectral measurements of dissociation yield; (3) four wave mixing spectroscopy; (4) third harmonic generation spectroscopy.
The second direction developed in this work is the computer simulation of MPD and MPE spectra. The advantage of computer simulation is concerned with the ability to calculate with the help of computer the MPD and MPE spectra in details without conducting routine and complicated experiments. Such calculations need a comprehensive set of molecular spectroscopic constants which can be obtained from the available linear spectra of one photon transitions between excited states and overtone spectra of a mode under investigation. The comparison between the calculated and observed IR multiphoton spectra of polyatomic molecules presented in this work justify that digital experiment is a reliable way to obtain information about MPE spectra of different molecules.
ABSORPTION SPECTROSCOPY
Energy absorbed in the gas was measured opto-acoustically. The gas cell was equipped with opto-acoustic detector. To eliminate the effect of hot bands the gas mixtures were cooled down to 140 K in a gas cell when investigating DL excitation spectra.
The DL excitation spectra were studied by high-pressure continuously tuned CO2
laser with e-beam sustained discharge. This laser was described in Reference 5. The laser pulse duration was 40 ns, its energy reached 1 J cm2. The spectral width of emission was less than 0.03 cm-1, the total range of continuous tuning was 86 cm-1, the increment of tuning was 0.03 cm-1 in contrast with the line tuned TEA CO2 laser increment 1.7 cm-1. The frequency oflaser pulse was controlled with Fabri-Perot interferometer and opto-acoustic detector with reference gases N20 and CO2. Figure 1 displays the absorption spectra of SF 6 SF6"Xe 1"10 was 0.3 Torr. The absorbed energy was measured opto-acoustically and calibrated with the help of transmittance measurements.
The spectra reveal a peak of 947.9 cm-1 which is easy to assign as Q-branch of fundamental transition (0Alg-lFu). The spectra display also the prominent absorption peak at 944.46 cm-which is due to two photon transition 0Ag-2Ag. Figure 2 . Two peaks in the spectrum were assigned as Q-branches of vibrational transitions 1Flu-2Alg and 1Flu-2Eg with unresolved rotational structure. The position of 1Flu-2Alg peak in the spectrum is 940.5 cm -1 and 1Flu-2Eg peak is 943.2 cm -1.
The shifts of both peaks from fundamental frequency are twice by comparison with the shifts of two photon peaks 0Alg-2Alg and 0Alg-2Eg in Figure 1 . The peak of 1Flu-2E transition is broad due to rotation-vibration coupling between 2Eg and 2F2g sublevels. Figure 3b shows the result of two frequency experiment when CF3Br gas was excited by the pulse of atmospheric TEA CO2 laser operating at 9R30 line and then the absorption spectrum of excited molecules was investigated with continuously tuned CO2 laser. The two pulses were synchronized with zero delay time. Both TEA CO= laser pulse and probing pulse intensities were MW cm=. The spectrum shows the peak assigned as two photon transition lvl-3vl.
The peak has no noticeable isotopic structure due to selective excitation of one isotopic species by the first laser pulse.
The peaks observed in the IR multiphoton absorption spectra of SF 6 Figure 4 for three levels of excitation of molecules by first laser pulse" E,b 8.4, 13.4, and 25 quanta per molecule.
There is only alone structureless peak in the spectra. This peak is shifted due to anharmonicity to the long wave side from the fundamental transition of v 3 mode. Both shift and width of a peak rise linearly with increasing of absorbed energy. In fact observed peak is due to overlapping of the spectra of successive transitions in QC. The 
The dissociation of OsO, molecules is accompanied with visible luminescence. 18 The dissociation of SF 6 spectra. Figure 6 shows dissociation spectra of SF 6 at bichromatic excitation of discrete levels. First Figure 6a and Figure 6b demonstrate. The observed shift of the peak satisfies (4) relation. This is a convincing evidence that this peak is due to two photon transition. Figure 7 shows the spectrum of bichromatic excitation of OSO4 cooled in a supersonic jet. Figure 8 .
In a first case shown in Figure 8 the polarization is defined by the relation P, g" (')'2 (6) where are amplitudes of pump and probe fields, is polarization of a molecule which results in generation of signal wave, gx is nonlinear susceptibility of a molecule which depends on the laser frequency in a resonant manner and is proportional to In a second case shown in Figure 8 Employing of linearly polarized laser fields with polarization of probe wave perpendicular to polarization of pump waves make it possible to realize the generation of signal wave by second way. As result it is possible to observe the spectra of two photon transition by means of DFWMS. Figure 9 shows the DFWM spectrum of SF 6 cooled in a cell at temperature T 140 K. Three waves were produced from one laser pulse by splitting of laser beam with germanium plate (one transmitted and two reflected). The angle between pump and probe waves was 3. The pump wave intensition were equal. Intensity of probe wave was Iprob --0.1"Ipump. Reflection index of weak probe laser pulse was measured. The spectrum reveals peaks of two photon transitions 0Ag-2Alg (944.46 cm-), 0Alg-2Eg (945.6 cm-), 0Axg-2Fzg (peaks near 948 cm-).
The DFWM spectrum has more simple structure than the absorption spectrum obtained at similar conditions (see Figure 1 ). There are not peaks due to multiphoton transitions with order of transition more than two in DFWM spectra in contrast to absorption spectra at the same temperature T 140 K. So it follows that complex structure in the absorption spectra which was observed in the spectral range 946-947 cm-1 is due to three photon transitions and maybe to four photon one.
Another nonlinear IR multiphoton spectroscopy technique utilized to investigate multiphoton spectra is third harmonic generation spectroscopy (THGS). The polarization of molecules resonantly pumped by laser field has a third harmonic contribution which is sensitive to the resonances of laser field with the multiphoton transitions in pumped vibrational mode" P3v j(3v'(__'_)'_, (8) with Z3, [(-Ol)" (2-9-Vo=)" (3. follows from the measurements of second overtone spectra of SF6 .9
The nonlinear spectroscopy techniques are the complimentary to the absorption and dissociation spectroscopy of excited vibrational states of polyatomic molecules. These techniques give a reliable assignment of observed peaks as two or three photon transition. The THG spectroscopy is more straightforward in the observation of spectra of third vibrational state of a vibrational mode by comparison with the absorption or dissociation spectroscopy which needs to use two frequency technique to do it.
COMPUTER SIMULATION OF MOLECULAR SPECTRA
Computer calculations of the excited vibrational state spectra are of great interest for the investigation of excited states of molecules. The calculations make it possible to extract a spectroscopic parameters of a molecule from the spectra observed in the experiment. The comprehensive information about spectroscopic parameters of a molecule can be used for subsequent calculations of molecular spectra both linear and multiphoton. So these calculations can be used to simulate the spectra of interest and to predict the behavior of a molecule in an intense laser field. (11) where five constants of sextic anharmonicity are defined and two tensor operators 4 and ,66 introduced in Reference 25 are used. The sextic anharmonicity term was taken into account when calculating the excited state spectra. Figure 11 are the results of calculations for Q branches of transitions 1Fu-2Ag and 1Fu-2Eg in comparison with experimental spectra observed in Reference 10. These plots demonstrate that both frequency position and intensity of lines in calculated spectra are in good agreement with experimental one. The spectroscopic parameters known from the spectroscopic study of fundamental transition of v3 of SF6 26 were used in the calculations. Constants X33, G33, T3 were fitted to reach an agreement between experimental and calculated spectra. These constants were found to be" This set of quartic anharmonicity constants differs from that found in Reference 9
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where the spectrum of overtone 0-3v3 was analyzed. Figure 5b ).
Next program package was created to simulate the excitation of molecules by intense IR radiation. The calculations of spectral dependencies of absorbed energy were based on a simple model. One and two photon transitions from ground vibrational state were taken into account. The subsequent excitation of molecules from second vibrational state of v3 to excited states was described by successive one photon transitions with phenomenological absorption cross section given by relation (1) . The pulse shape was taken to be rectangular.
The calculations were based on the following model. Interaction of laser pulse with discrete levels was described by Schr6dinger equation" i.l.ff H.6 + d..cos(og.t).6 (12) The set of eigenvalues {Ev,k} of Hamiltonian H was calculated by first program package with H taken in form (9) ; v is vibrational quantum number, Ev,k v. 1 (22) , by definition it is considered that in formula (23) Ao, A,i 1. Figure 14 . The survey MPE spectra display the structure concerned with the two photon resonances. The peaks are narrow enough to reach an appreciable selectivity of excitation.
